Over the past five years evidence has mounted that long-duration (>2 s) g-ray bursts (GRBs)-the most luminous of all astronomical explosions-signal the collapse of massive stars in our Universe. This evidence was originally based on the probable association of one unusual GRB with a supernova 1 , but now includes the association of GRBs with regions of massive star formation in distant galaxies 2, 3 , the appearance of supernova-like 'bumps' in the optical afterglow light curves of several bursts [4] [5] [6] and lines of freshly synthesized elements in the spectra of a few X-ray afterglows 7 . These observations support, but do not yet conclusively demonstrate, the idea that long-duration GRBs are associated with the deaths of massive stars, presumably arising from core collapse. Here we report evidence that a very energetic supernova (a hypernova) was temporally and spatially coincident with a GRB at redshift z 5 0.1685. The timing of the supernova indicates that it exploded within a few days of the GRB, strongly suggesting that core-collapse events can give rise to GRBs, thereby favouring the 'collapsar' model 8, 9 .
The first GRB associated with an observed supernova event, SN1998bw, occurred on 25 April 1998 at a redshift of only z ¼ 0.0085 (about 37 Mpc) 1 . GRB980425 remains by far the closest Figure 1 Spectral evolution of the combined optical flux density, f l , of the afterglow of GRB030329, the associated SN2003dh, and its host galaxy. The details of the observations are given in Table 1 . The upper spectrum is rather well fitted by a power law, as usually seen in afterglow spectra. The middle spectra show clear deviations from a power law, similar to SN1998bw at the same phase. The lower spectra, dominated by SN2003dh, reveal the supernova signatures. For comparison, the spectrum of SN1998bw after 33 days (ref. 21 ) is shown (dashed line) shifted to the GRB030329 redshift. All SN2003dh spectra are presented in observed wavelengths, and no reddening correction has been applied. Telluric absorption lines have also been left in the spectra. The region above 9,000 Å is hampered by sky-line emission, but we tentatively identify a broad feature centred at 10 Table 2 ). Using the 3j upper limit of R . 22.5 derived for the magnitude of the host from archival data 29 , we conclude that the equivalent widths of the emission lines are very high. The host galaxy is thus an actively star-forming, low-metallicity, dwarf galaxy and appears to be qualitatively very similar to the host galaxy of GRB980425/SN1998bw (ref. 30 ).
letters to nature burst recorded to date. Its proximity and unusually low g-ray energy budget (total equivalent isotropic energy release of ,8 £ 10 47 erg, about four orders of magnitude less than other long-duration bursts with measured redshifts) have led to some doubt that the progenitor of this GRB was the same as those of GRBs at high redshift. SN1998bw was itself unusual; it displayed kinetic energies more than an order of magnitude greater than typical Ic supernovae and a very high radio flux 10 . The tantalizing evidence for the association between GRB980425 and SN1998bw launched a relentless hunt for the 'smoking gun' signature of a supernova in the optical afterglow data of many subsequent GRBs.
On 29 March 2003 (11:37:14.67 UT) NASA's High Energy Transient Explorer, HETE-II, detected a very bright GRB 11 . GRB030329 lasted about 25 seconds and had a fluence of ,1.2 £ 10 24 erg cm 22 and a peak flux of ,7 £ 10 26 erg cm 22 s 21 (30-400 keV band). The fluence alone places GRB030329 in the top 0.2% of the 2,704 GRBs detected with the Burst And Transient Source Experiment (BATSE) during its nine years of operation. Rapid follow-up observations 12,13 , within 1.5 hours, discovered an optical afterglow of magnitude ,12 in the R-band, making it brighter than any previously detected afterglow at the same time after burst. A very bright afterglow was also detected at other wavelengths, ranging from X-rays to radio (see ref. 12 and references therein).
Our collaboration 14 determined the redshift of GRB030329, using the Ultraviolet-Visual Echelle Spectrograph (UVES) on the Very Large Telescope (VLT) at the European Southern Observatory (ESO), to be z ¼ 0.1685; the second-closest long-duration GRB ever studied, after GRB980425. Assuming a flat Q L ¼ 0:7 and H 0 ¼ 70 km s 21 Mpc 21 cosmology, GRB030329 was at a luminosity distance of 810 Mpc. At this distance, GRB030329 is typical in its g-ray budget: its total isotropic energy release is ,9 £ 10 51 erg (30-400 keV band) and thus qualifies as a classical cosmological GRB. Its relative proximity also accounts for the extreme initial brightness of its optical counterpart 12 . Extrapolating the early afterglow power-law decline of the transient and allowing for a supernova light curve similar to that of SN1998bw, we expected to see a supernova emerge 10-20 days after the burst. We therefore conducted spectroscopic observations between 5 and 33 days after the GRB (Table 1) , and searched in the spectra of the fading optical afterglow for an emerging supernova contribution. Figure 1 displays the sequence of six spectra obtained with the VLT FOcal Reducer/low dispersion Spectrographs (FORS1 and FORS2) at the epochs listed in Table 1 . At the first epoch (3 April), the GRB afterglow spectrum is reasonably well fitted by a single power law with a spectral-index b < 21:2^0:1 (where f n / n b ), typical for GRB afterglows. By 8 April, it is clear that while the same underlying power-law is present, the small residuals visible on 3 April are now highly significant and resemble the spectrum of a supernova. The absence of broad hydrogen lines indicates a Type I supernova, and the weak or absent Si II l ¼ 6,150 Å (l6,150) and He lines rule out Types Ia and Ib, respectively. The unusually broad features and blended lines in the spectrum therefore indicate a Type Ic supernova with a very large expansion velocity, remarkably similar to SN1998bw 15 . This supernova has been designated SN2003dh following the independent parallel discovery reported in refs 16 and 17.
To monitor the spectral evolution as well as the overall luminosity of SN2003dh, we decomposed the spectra into supernova and 3 00 wide slit was used, oriented so as to include a nearby star at position angle 123.68. The data were reduced using IRAF in a standard manner. Flux calibration was performed using a spectrophotometric standard star and absolute flux calibration was done using the simultaneous V-band photometry. On the basis of the spectra of the nearby star we estimate that relative flux calibration errors are less than^5%. The broad-band V magnitudes are for the combined optical afterglow and supernova. The photometric zero point is based on the secondary standard star USNO U1050_06350247 for which we use V ¼ 16.84 (ref. 25) . The spectroscopic magnitudes (grism) refer to the derived V magnitudes of the supernova following the decomposition (see Fig. 2 ). We used the series of fits and decompositions obtained with different templates to estimate the uncertainties in the reported magnitudes and folded in the potential large-scale flux calibration errors. No corrections for foreground reddening (EðB 2 VÞ ¼ 0:025, ref. 26) were applied.
afterglow components, using as templates known spectra of SN1998bw at various stages of its evolution. In Fig. 2 15 . From the spectra we measure the expansion velocity ten days after GRB030329 from the minimum of the absorption trough of the Si II l6,355 line to be 36,000^3,000 km s 21 (0.12^0.01c). This is considerably larger than any previously known supernova (for SN1998bw it was ,23,000^3,000 km s 21 ten days after the explosion 15 ). Thus SN2003dh qualifies as the most extreme member of the class of peculiar supernovae colloquially known as 'hypernovae': supernovae with very broad lines indicative of expansion velocities in excess of ,30,000 km s 21 at early times 18 .
We have attempted to date the supernova explosion of SN2003dh spectroscopically, under the assumption of its parallel spectral evolution with SN1998bw. This assumption introduces a potential systematic uncertainty, but we can qualitatively conclude that SN2003dh began^2 days relative to GRB030329 (to this should be added the model-dependent uncertainty of þ0.7/-2 days of the SN1998bw dating 19 ). A more detailed analysis will be presented elsewhere (J.S. et al., manuscript in preparation).
As an additional dating check, we have compared the V-band light curves of SN2003dh and SN1998bw (Fig. 3a) . SN2003dh peaked about 10-13 days (restframe) after GRB030329 whereas SN1998bw peaked about 17 days after GRB980425. At maximum, SN2003dh was slightly brighter than SN1998bw, consistent with its larger expansion velocity. The difference between the light curves indicates that SN2003dh may have preceded its associated GRB by about 4-7 days, somewhat earlier than in the case of SN1998bw. However, Figure 2 Comparison of the spectral evolution of SN2003dh and SN1998bw. Solid lines indicate spectra of SN2003dh obtained through decomposition as described below. Dotted red lines indicate spectra of SN1998bw taken at similar epochs 15 . All spectra are plotted as a function of restframe wavelength and labelled with the time since the GRB, corrected for the cosmological time dilation (1 þ z ); the relative vertical offsets are arbitrary. The SN2003dh spectra are binned to 15-Å bins, the emission lines from the host galaxy have been removed, and where necessary the strong telluric absorption features at 6,800 Å , 7,200-7,400 Å and 7,600 Å have been interpolated. The strong absorption 'edge' at 6,150 Å (7,200 Å observed) is probably due to telluric absorption. The spectral decompositions were performed as follows. While the host galaxy has strong emission lines, its continuum flux upper limit is negligible at early epochs and significantly less than the total flux at the later epochs. The contribution from the host galaxy was therefore accounted for by simply removing the emission lines. Model spectra were constructed as a sum of a power law (f l / l 2(b þ 2) ) and a scaled version of one of the SN1998bw template spectra 15 . For each template, or section thereof, a least-squares fit was obtained through fitting of the three parameters: power-law index b, amplitude of afterglow, and amplitude of supernova. In most cases the best fitting index was found to be b < 21:2^0:05 which was adopted throughout. We note, however, that the resulting overall spectral shape of the supernova contribution does not depend on the adopted powerlaw index or template spectrum. The striking similarity between the spectra of these supernovae is clearly seen. The spectral peak wavelength, for both supernovae, is shifting towards the red. The shift is on average ,25 Å per day for SN2003dh, which is similar to the evolution of the early spectra of SN1998bw. The cause of this shift is the growing opacity in the absorption bluewards of 4,900 Å (rest wavelength). The spectral decompositions provide the fraction of the total flux in the V band that is due to the supernova. The resulting SN2003dh V magnitudes are reported in Table 1 and plotted in Fig. 3 . (Table 1) as a function of time (restframe) since GRB030329. Solid line, the brightness of SN1998bw 1 as it would have appeared in the V band at z ¼ 0.1685 as a function of time (restframe) since GRB980425. Dashed line, as for the solid line but shifted 7 days earlier. Such an evolution may be expected if the supernova exploded 7 days before the GRB. For SN2003dh, however, this is inconsistent with its spectral evolution (Fig. 2 ). Dotted line, as for solid line, but evolution speeded up by multiplying time by 0.7. A faster rise and decay may be expected in asymmetric models in which an oblate supernova is seen pole-on. We assumed 0.20 mag (refs 1,15) extinction for SN1998bw and none for SN2003dh. b, Si II l6,355 expansion velocities as a function of time (restframe). Filled circles, SN2003dh; solid line, SN1998bw. The SN2003dh values are our best estimates based on the decomposed spectra (Fig. 2 ). We caution that in some cases these values are very uncertain owing to other features in the spectra around the expected minimum. The solid line shows the trend for SN1998bw based on the data points in ref. 15 . The consistent decaying trend in the ejecta velocity of SN2003dh, together with its very high initial value, indicate that we observed very close to the supernova explosion.
letters to nature given their parallel spectral evolution (Fig. 2) we consider it more likely that the two supernovae were coeval but displayed different light curves, as indicated by the differences in expansion velocity (Fig. 3b ), peak brightness, detailed spectral evolution and strength of associated GRB.
We now consider the properties of SN2003dh and SN1998bw in more detail. Both belong to the unusual class of Type Ic supernovae. SN1998bw was well explained by models involving the very energetic explosion of a massive Wolf-Rayet star 19, 20 (a highly evolved star that has lost its outer hydrogen layers to a wind or companion star). Since Type Ic supernovae have light curves powered by radioactive decay, the bright light curve indicates the synthesis of at least several tenths of a solar mass of 56 Ni in both events (ref. 21 and the current paper). Modelled in spherical symmetry-which is certainly a questionable hypothesis-SN1998bw required 1-2 £ 10 52 erg of kinetic energy 19, 20 . The energy requirements here are similar. However, it is much more likely that the explosion was asymmetric; in fact the rapid rise and decay of SN2003dh seen in Fig. 3 may indicate that we are viewing an asymmetric supernova along its axis of most rapid expansion 9, 20 . The necessary energy may therefore be considerably smaller 20 . Further, the larger ratio of afterglow luminosity to supernova luminosity in GRB030329 is also consistent with a burst that has been seen nearly pole-on 22 , whereas the low luminosity of GRB980425 and its afterglow may have been due to its having being viewed substantially off-axis, or simply because it ejected less highly relativistic matter.
The combined results on SN1998bw and SN2003dh offer the most direct evidence yet that typical, long-duration, energetic GRBs result from the deaths of massive stars. The lack of hydrogen lines in both spectra is consistent with model expectations that the star lost its hydrogen envelope to become a Wolf-Rayet star before exploding. The broad lines are also suggestive of an asymmetric explosion viewed along the axis of most rapid expansion. The large 56 Ni abundance needed for the light curve cannot have been made by the low-density jet; its mass and solid angle are too small. But it could have been produced in the wind from an accretion disk as matter flowed into a black hole 9 .
The temporal coincidence of SN2003dh with GRB030329 rules out the supranova model 23 for this event. Neither the jet itself, nor any g-rays it made, could escape until the supernova had expanded for several months. The presence of the large quantities of 56 Ni necessary to account for the light curve may also be problematic in the magnetar model 24 where there is no accretion disk. Producing the 56 Ni in a shock would require that the pulsar's energy be distributed to a large mass, which is inconsistent with producing a relativistic jet with almost no mass. Our observations thus support the collapsar model 8, 9 for GRBs.
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